ABSTRACT. -Foraging behaviors of breeding Ruby-crowned (Regulus calen&la) and Golden-crowned kinglets (R. satrapa) in an Arizona mixed-coniferous forest were compared to assess foraging similarity and the use of available habitat components. The species were not significantly different in five of the eight foraging variables examined. Foraging behavior was significantly different (Chi-square test, P < 0.02) for three variables: method of prey attack (Ruby-crowned Ringlet hovered more, Golden-crowned gleaned more), tree species selection (Goldencrowned was more restricted to certain tree species), and relative foraging location (Ruby-crowned used the upper thirds of the trees more frequently). Mean foraging height was similar. Both kinglets differed from a random distribution of use when compared to resource availability for all foraging variables tested (distance from branch tip, selection of tree species, tree height use, foraging height, and relative location).
into 3-m categories (i.e., trees I 3 m in height, those >3 I 6 m, etc.). The habitat and additional details of the methods used in the vegetation analysis including determining volume of foliage are described more fully in Franzreb (1978) and Franzreb and Ohmart (1978) Observations were taken under skies that were generally clear to less than 30% overcast and wind conditions that varied from no wind to light wind (Beaufort scale 0 to 2). Although data were collected throughout the day, the majority of observations were taken during morning hours (06:00-l 0:OO). I recorded observations of an individual for as long as it was visible, often for several minutes. When birds are foraging, some individuals may be more detectable in certain portions of the habitat (e.g., more open branches on pines), thus biasing the results toward more conspicuous perches. Taking repeated observations while following one bird may reduce bias for the more conspicuous foraging locations. To test for this bias, I compared the data for first observations to those subsequent observations of an individual during a given foraging bout for each species using a Chi-square contingency table for each foraging variable (this and all subsequent Chi-square tests were performed on actual data, not percentages); none was significantly different at the P < 0.05 level. These results suggest that the use of the first observations was not biased by conspicuousness. However, it may also be argued that both first observations and subsequent ones are biased by conspicuousness; this possibility can not be evaluated. I also assumed that foraging Ruby-crowned and Golden-crowned kinglets were equally detectable. If this assumption is correct, the effects of any detectability bias in comparing the two species should be negligible. For statistical purposes, use of first observations is preferable because observations should be independent. Because first observations did not appear to be biased by conspicuousness of birds in particular locations, data provided herein represent first observations.
Data were collected for eight foraging variables: method of prey attack, perch type, perch diameter, distance from the branch tip to the perch site, tree species selected, tree height selected, foraging height, and the relative foraging location (upper, middle, or lower third of the tree). All heights of birds were estimated using a clinometer. "Method of prey attack" referred to the manner in which the individual attempted to acquire food. Methods used by the birds were defined following Holmes et al. (1979) and included: glean, hover, hawk, and peck-probe. The substrate (e.g., trunk, branch, cone, etc.) on which the bird perched was denoted as perch type. Each observation of birds using branches/twigs as a foraging substrate was further categorized by perch diameter. Observations of individuals foraging on branches/twigs were segregated relative to the bird' s position from the branch tip by subdividing the branch into thirds with "0 to 33% from tip" representing the distal portion of the branch. For each foraging observation, I recorded the tree species (or snag) and the tree height. Foraging height denoted the estimated height of the bird in the tree relative to the ground. Observations were segregated into those occurring in the upper, middle, or lower third of the tree.
I constructed Chi-square contingency tables (Zar 1974) (species x foraging variable) to test for significant differences in probabilities of each foraging variable between the two kinglets. Tree species preferences, tree height selection, foraging height and relative location were evaluated using Chi-square goodness of fit tests. An expected distribution of foraging data for tree species use was derived from the importance value of each tree species as determined from the point-quarter vegetation analysis; foraging data were compared with the expected values. Expected frequencies were estimated for foraging in trees of each height interval; these were based upon the frequency of such tree heights. The expected distribution pattern for foraging height was based on the proportion of foliage volume available in each height interval (see Franzreb 1978 for details). The expected values for relative location were derived by assuming that each third of the tree should constitute one-third of the observations if the birds were using the vertical substrate randomly. This assumption does not consider that foliage volume is unevenly distributed, with more foliage located in the lower portions of the trees. Hence, any overuse of the upper portions would be even more apparent had foliage volume data been used in the evaluation. A significant Chi-square value indicated that the kinglets foraged non-randomly, preferring certain portions of the habitat. Some individuals undoubtedly were observed more than once, hence, the data may not represent a truly independent sample. To compensate for this, I used a significance level of P < 0.02 unless otherwise noted.
Niche overlap was determined using the formula 0, = 1 -i/z I: 1 P,, -Pg, 1 (modified from Schoener 1968) where P,, and PC, are the proportions of observations in resource state i by Ruby-crowned (r) and Golden-crowned (g) kinglets, respectively, in each foraging category; 0, represents the extent of niche overlap between Ruby-crowned and Golden-crowned kinglets. Values range from 0 to 1 with higher values indicating greater overlap and more similarity between the species.
To determine a species' niche breadth for a particular foraging behavior (e.g., tree species use), I calculated a proportional similarity index (PSI) (Feinsinger et al. 198 1) using PSI = 1 -l/2 Z lp, -qiI where pi is the proportion of the units in state i used by a species and qi is the proportion of i units available. Niche breadth (PSI) values were calculated for each species and only for those variables for which food availability could be quantified (distance from branch tip, tree species use, tree height selection, foraging height, and relative location). Values range from 0 to 1 with higher values indicating greater generalization in that particular variable. The asymptotic variance (VA) for each PSI value was estimated using the "delta method" outlined in Smith (1982) . Estimates of niche breadth for these variables were compared using the procedures described by Smith (1982, eq. 18) to determine if kinglets were similar in niche breadth. For foraging variables whose category availability could not be quantified, I estimated a niche breadth value using Levin' s (1968) formula whereby l/B = Z p; where B is foraging niche breadth and p, is the proportion of observations occurring in the ith resource state (e.g., for method, resource states are glean, hover, hawk, peck-probe). Higher values indicate a more generalized response in that foraging behavior and a wider niche breadth.
There was no significant difference in diameter of perches used by the kinglets (x2 = 1.3, df = 3, NS); both foraged most frequently on the smallest branches/twigs (those 5 1.3 cm in diameter) (Ruby-crowned 80.6%, Goldencrowned 79.6%). Niche overlap for the perch diameter variable was high (0.98). The kinglets were also similar in niche breadth (Rubycrowned B = 1 SO, Golden-crowned B = 1.52).
RESULTS
The kinglets differed significantly (x2 = 16.7, df = 3, P < 0.001) in method of prey attack. Ruby-crowned Ringlets hovered more (18.2% vs. 11.2%) and gleaned less (80.3% vs. 86.9%) than Golden-crowned Ringlets (Fig. 1) .
Both kinglets generally foraged near branch tips and were not significantly different in this regard (Table 1) . However, each species foraged in a non-random way in relation to distance from the branch tip (P < 0.001).
Ringlets selected similar (x2 = 2.1, df = 2, NS) types of foraging perches; both species foraged almost exclusively from branches/twigs (97.0% Ruby-crowned, 98.3% Goldencrowned). Ringlets infrequently used the categories: trunk, cone, ground, or logs. Niche breadth (B) for perch selection was 1.06 and 1.04 for Ruby-crowned and Golden-crowned kinglets, respectively. Niche overlap for perch type was the highest of any foraging variable (0.99).
The kinglets differed significantly in their choice of tree species (P < 0.001; Table 2 ). Neither species used the available tree species randomly. Both kinglets strongly preferred Engelmann spruce (Pica engelmanniz), Douglas-fir, and blue spruce (P. pungens); they appeared to avoid the pines and snags. The Ruby-crowned Ringlet was considerably more generalized in tree species selection than the Golden- Both species foraged in tall trees (227 m) considerably more frequently than expected (Table 3 ). Selection of trees by height for foraging purposes was not random and for each kinglet was significantly different (P < 0.001) from the predicted pattern of use. Patterns of tree height use for both species were similar (x2 = 11.5, df = 4, NS).
The kinglets did not differ significantly in pattern of foraging height (x2 = 7.6, df = 3, NS; Table 3 ). Overall mean foraging height was 10.9 m (SE = 7.1) for the Ruby-crowned and 10.4 m (SE = 6.7) for the Golden-crowned. For both species, foraging height differed significantly (P < 0.001 for each species) from the random use of available foliage volume within the vegetation profile.
Ringlets differed significantly (x2 = 9.0, df = 2, P = 0.01) in relative foraging location (up- 
DISCUSSION
Both kinglet species were specialized in their use of certain aspects of the habitat. They subdivided the habitat through differences in method of prey attack, tree species selection, 
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Ruby-crowned Ringlet populations were considerably denser than those of Goldencrowned Ringlets during both summers (7 Although differences between the kinglets in method of prey attack and relative location while foraging were statistically significant, their biological importance to the birds is probably much less than the differences observed for tree species selection. The kinglets' preference for spruces and firs (including Douglas-fir) has long been apparent (Bent 1949). The high needle-density in such trees provides protection against predators and good concealment of nests. Ringlets infrequently use the more open branches of pines, aspen, and snags. Foliage density appears to be highest in the upper portions of spruces and firs, which may account for the higher than expected use of the upper thirds of the trees by both kinglets. Thus, even though more overall foraging substrate was available in the lower areas, the birds did not feed there extensively. The distribution of prey and greater protection from predators provided by the denser upper vegetation may have compensated for the lesser volume of foliage.
Ringlets commonly nest, and males most often sing, in spruces and firs (Franzreb, pers. observ.). Optimal foraging theory predicts that there would be a selective advantage, in terms of energetics, to sing, nest, and forage in the same trees. Hence, it is not surprising that most of my observations were in these trees. I could not tell whether differences between kinglets in selection of trees were possibly the result of: 1) slight variations in tree species composition of territories, 2) a dominance hierarchy that restricted foraging by one species, or 3) the greater generalization of the Rubycrowned Kinglet in tree species selection. However, because there was extensive interspecific overlap in territories, and few aggressive interactions were observed, the last alternative seemed most plausible.
My anticipated finding of significant differences between Ruby-crowned and Goldencrowned kinglets in most foraging traits was not fully substantiated. What habitat segregation that did occur was achieved primarily through differences in tree species selection. Competitive influences appeared to play minor roles in dictating the kinglets' manner of foraging. However, coexistence may be less harmonious and competitive pressures more important under harsher environmental conditions. Behavioral differences in foraging related to habitat segregation may be more pronounced during periods of food scarcity or adverse weather conditions.
